A novel X-ray imaging method, Diffraction Enhanced Imaging (DEI), provides new contrast mechanisms for the imaging of human and animal cartilage and other soft tissues. DEI applies selectivity to the angular deviation of x-rays traversing the subject to provide images of high contrast as well as tissue properties other than the attenuation of conventional radiography 1, 2 . Because of these contrast qualities, we have previously applied DEI to the imaging of articular cartilage, both ex-vivo 3,4 and in-situ 5,6 with good results. However, a systematic in-situ study in an animal model of articular cartilage damage has not previously been carried out. This is of importance because cartilage is invisible with conventional radiography. Although MRI is currently being applied to the detection of cartilage degeneration, it does not allow the visualization of the earliest morphological changes in the cartilage degeneration characteristic of osteoarthritis such as surface fibrillation. Here we demonstrate that DEI provides the imaging contrast to detect cartilage lesions in a canine model of cartilage damage.
INTRODUCTION
A novel X-ray imaging method, Diffraction Enhanced Imaging (DEI), provides new contrast mechanisms for the imaging of human and animal cartilage and other soft tissues. DEI applies selectivity to the angular deviation of x-rays traversing the subject to provide images of high contrast as well as tissue properties other than the attenuation of conventional radiography 1, 2 . Because of these contrast qualities, we have previously applied DEI to the imaging of articular cartilage, both ex-vivo 3, 4 and in-situ 5, 6 with good results. However, a systematic in-situ study in an animal model of articular cartilage damage has not previously been carried out. This is of importance because cartilage is invisible with conventional radiography. Although MRI is currently being applied to the detection of cartilage degeneration, it does not allow the visualization of the earliest morphological changes in the cartilage degeneration characteristic of osteoarthritis such as surface fibrillation. Here we demonstrate that DEI provides the imaging contrast to detect cartilage lesions in a canine model of cartilage damage.
METHODS:
Eighteen intact knee joints from 9 canines that were utilized for an unrelated study (with IACUC approval) were preserved in 10% formalin and used for the present study. Each knee joint was opened from the anterior-medial approach and artificial lesions were created on the cartilage surface of the femoral condyles according to the modified Collins' scale 7 . The level of cartilage damage for each joint fell into the following grade categories: 4 at Grade 0; 3 at Grade 1; 4 at Grade 2; 3 at Grade 3; and 4 at Grade 4. Each joint was sutured tight with 3-0 silk surgical suture material. Planar DEI in both A-P and oblique views was carried out at 40keV at the X15A beamline at the National Synchrotron Light Source (NSLS), Brookhaven National Laboratory, Upton, NY. The images were acquired with image plate readers (Fuji Medical Systems, model BAS2500) and a digital detector (Shad-o-Box 2048 XRay Camera, Rad-icon Imaging Corp. Santa Clara, CA). The resolution of the image obtained is limited by image plate and detector resolution which is approximately 50 microns. Two independent observers (who were blinded with regard to the lesion grades) graded each DEI image for the highest grade of cartilage damage according to the modified Collins' scale.
To determine intra-observer agreement, the two observers individually repeated the grading of the DEI images one month after the first grading session. Intra-observer and inter-observer agreement for DEI grades were assessed with the weighted κ statistic. Correlation of DEI image score to the gross score and histological score were assessed with Pearson correlation coefficient. Sensitivity and specificity of DEI for detection of cartilage damage were evaluated using the gross morphologic scores.
RESULTS:
The correlation of gross visual grades with DEI for the 18 canine knee joints as determined by observer one (r 2 = 0.8856, p = Fig. 1 . Correlation between gross and DEI grades for canine knee joints. 0.001) and observer two (r 2 =0.8816, p=0.001) is shown in Figure 1 .The overall weighted κ value for inter-observer agreement was 0.93, thus considered high agreement. The sensitivity for each grade category individually is as follows: Grade 1 = 100%; Grade 2 = 100%; Grade 3 = 100%; Grade 4 = 80%. The specificity for each grade category individually is as follows: Grade 1 = 67%, Grade 1 = 78%, Grade 3 = 100%, Grade 4 = 100%. In figure 2 , an example of Grade 1 cartilage damage on the lateral femoral condyle of a canine knee joint is shown in the DEI image [ Fig. 2(a) ] and in its corresponding photogragh with India ink staining [ Fig. 2(b) ]. Early fibrillation of the cartilage appeared, in DEI image, as a contrast heterogeneity. 
DISCUSSION:
OA involves pathological changes in both cartilage and bone, but early signs of OA can not be imaged in it's entirety through conventional radiographic means due to the lack of contrast for cartilage. In the present study we have shown that DEI, however, allows direct visualization of articular cartilage and deviations from its normal morphology in the canine knee joint, including the earliest morphological changes such as surface fibrillation, and without contrast agents. Thus DEI has potential for longitudinal studies of cartilage degeneration and treatment strategies in animal models.
